<y

o~

FAAERFIFIEE ORI | W
-~y
h

(Y)

=7

| GCCQE- 2005

1" Global Chinese Conference on Gastrointestinal Endoscopy

R ACE T P s Ly ki pibe 7R Jp
Chinese Society of Digestive Endoscopy Shanghai Changhai Hospital

2005411 10— 12 H v E ds
Novemberl10-12, 2005 Shanghai, China




¥

<J050179

B—BEREABEABERAS —1—

Confocal Endomicroscopy: Clinical Perspectives
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Clinical Director, Endoscopy Centre, National University Hospital, Singapore

Abstract

Confocal endomicroscopy is an emerging in-vivo imaging technology currently being assessed for its potential in enhanced
endoscopic detection and diagnosis of gastrointestinal diseases, specifically in the screening for pre-malignant lesions. Its forte
is in the integration of powerful microscopic technology to conventional videoendoscopy, making it capable of generating high
resolution images of optical sections of the gastrointestinal epithelium, as far as 250 um beneath the surface. By enabling the
microscopic assessment of both cellular and subcellular morphology of intact living tissue, it makes real-time histopathologic
evaluation possible, facilitating instant diagnosis during ongoing endoscopy so prompt decision on therapeutic intervention
could be made. With its submicron-level surface and subsurface imaging capability, confocal endomicroscopy can potentially
uncover subtle pre-neoplastic mucosal changes and lesions otherwise imperceptible with conventional wide-field
videoendoscopy. Where necessary, it can provide more precise targeting of sites for biopsy, thereby reducing chances of
biopsy misses and the number of biopsies that needs to be taken. Thus far, results from prospective clinical studies on the
utility of this innovative endoscopic device have been highly optimistic. If proven feasible, its implementation in clinical
practices could facilitate virtual diagnosis and potentially accelerate therapeutic interventions and improve patient outcomes.
This review presents the fundamental working principles of the novel confocal endomicroscope, discusses its capabilities and
prospective niches in gastroenterologic appheatIBTE™agd offers a clinical perspective of its potential role in the screening,

surveillance and management of gastroyftestinal disgases.

lesions in the gastrointestinal mucosa is no longer a

Background
challenge.

Since the introduction of ‘Qlodern flexib}€
endoscopes with enabling fiberopticteehltSlogy
some forty years ago, there has been considerable
growth in endoscopic applications. Over the years,
we have witnessed numerous improvements to the
design of the endoscope, with efforts focused on
refining the mechanics of existing prototypes to
optimize usability and increase sensitivity. An
also been added,

arsenal of accessories has

broadening its capabilities considerably. Today,

the fiberoptic endoscopes of yesteryears have been -

largely replaced by the now commonly used
electronic videoendoscopes, the resolution of which
has improved steadily over the past few years. The
most recent range are equipped with 850 000 pixels

(CCD)

sensing chips; more advanced ones are fitted with

density charge-coupled device image
motorized zoom lenses which can further augment
its magnifying capacity to as much as 150-fold.

With that, visualizing even tiny circumscribed

Decades in the making, today’s endoscope is a
diagnostic and therapeutic tool of choice and
endoscopy is now part of the standard repertoire of
procedures in the initial clinical evaluation of
gastrointestinal diseases. However, yet unmet
needs such as accurate detection of pre-neoplastic
mucosal  changes  and real-time  in-vivo
histopathologic analysis have engendered interest
in developing even more sophisticated optical
imaging devices capable of not just superficial but
also in-depth imaginlg of tissue, and at micrometer
resolution. As newer technologies continue to spur
innovation, several such advanced imaging systems
permitting unprecedented live views of biological
structures are emerging; among them are optical
coherence tomography, Raman spectroscopy,
confocal fluorescence endoscopy, autofluorescence
endoscopy, laser-induced fluorescence spectros-
reflectance

chromoscopy, spectroscopy,

copy s

light-scattering  spectroscopy and  trimodal



spectroscopy''? As yet, it is uncertain which of
these will supersede the others to become the next
tool of choice for regular clinical imaging. Herein,
we review what we think is a particularly
noteworthy and promising novel innovation-the

laser-scanning confocal endomicroscope.

Confocal endomicroscopy: The technology and

its capabilities

As the name implies, confocal endomicroscopy

is essentially a technologic amalgamation of
conventional endoscopy and confocal microscopy
(Figure 1)-a well-established imaging technique
that makes use of molecular information derived
from light-tissue interactions to generate images of
the tissue. The confocal endomicroscope is a fully
functional videoendoscope integrated with a
miniaturized confocal laser microscope at its distal
tip. It combines the familiar features of the
videoendoscope with the superior optical power of
confocal microscopy, providing thus a tool that is
useful for macroscopic, as well as microscopic
assessment of target biological tissue. At the heart
of this novel innovation is the optical fiber that
serves to both deliver the excitatory laser beam to
illuminate the area in focus and to recapture and
transmit back the ensuing emittance.
Endomicroscopy adapts the common light
microscopy technique in which low-energetic laser
illumination is focused onto a single point in a
microscopic field of view. To scan an object, a
pinpoint blue laser light (488nm) is delivered via
the fiber optic coupler and projected onto a
diffraction-limited focus point on the tissue. The
fluorescence emitted on excitation is captured by
the photodetector-a photomultiplier tube preset to
detect light within the spectral bandwidth of
505nm to 585nm - through a pinhole aperture
positioned in a conjugated focal plane to the
focused point. Emittance captured from successive
points are electronically processed and encoded as
grey scale values based on which an image of the

scanned region can be constructed. Spatial filtering
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eliminates  out-of-focus interferences, SO,
effectively; only light emanating back from the in-
focus plane can reach the detector. By rapidly
scanning a laser beam across the object in a raster
sweep pattern, a full two-dimensional image of the
plane is constructed. FEach resultant image
represents an optical section of just one focal plane
within the specimen. Thus, images of a stack of
optical sections can be attained simply by varying
the axial position of the focal plane through the
depth of the tissue to be scanned. There is
however, a fiber-limited lateral (across image) and
axial (slice thickness) resolution of 0. 7 pm and 7
pm, respectively, and a maximum penetration

depth of about 250 pm.

Figure 1 Confocal endomicroscope system

The distinctiveness of this innovative
endoscope lies in its capability to generate high
resolution (1-2 pm) images of optical sections of
intact tissue, hundreds of micrometers beneath the
surface  epithelium, enabling thus in-vivo
microscopic assessment of cellular and subcellular
morphology. The incorporated laser scanning
confocal microscope is capable of magnifying the
structural details up to 1500 times-ten times more
than what is achievable by the best conventional
endoscopes-rendering microarchitectural cellular
details otherwise not evident, or at best, only
conventional

poorly visualized in

videoendoscopy™. However,  this  confocal
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endomicroscopic imaging is based on
epifluorescence. As such, biomolecules within the
tissue to be examined must first be selectively
tagged with an exogenous source of fluorophores.
For in-vivo use, photosensitizers such as
fluorescein sodium, acriflavine and proflavine have
been employed to pre-label specific intracellular or
before the scanning

intratissular  structures

procedure. On photodynamic activation, the
fluorophores taken up by these structures will emit
fluorescence, the intensity of which will depend on
specific uptake of the fluorophores by different
cellular components which varies with tissue
properties that change through progressive stages

of disease transformation.

Where

endomicroscopy might play a potential role

Clinical  perspectives: confocal

As gastrointestinal cancer remains a leading
cause of cancer death worldwide, its clinical
diagnosis-most importantly, the early detection of
it-is a major concern). Currently, the diagnosis
or differential diagnosis of gastrointestinal cancers
rests almost entirely on its visual examination and
the interpretation thereof, whether in-vivo or ex-
vivo. More often than not, more than one of
several wide-ranging methodologies encompassing
diverse technologies is employed for the detection
and evaluation of the disease. Irrespective of the
techniques employed, the diagnostic goals remain:
(i) soonest detection of the lesion; (ii)
determination of the extent of invasion to enable
staging; and (iii) ascertaining the differentiation
status to grade the malignancy. While detection of
the lesion usually involves a thorough scan of a
large part of the gastrointestinal lumen, grading of
the malignancy requires microscopic observation of
morphologic details and staging it necessitates
penetration beyond the mucosal surface to variable
depth to observe and evaluate spread to deeper
tissue structures. Presently, no one single
diagnostic modality can accomplish all these alone.

While various combinations of existing modalities
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may be employed, white light videoendoscopy with

biopsy remains the mainstay of these
investigations. Ex-vivo histopathologic examina-
tion of biopsy specimens is the most commonly
used technique for prognostic evaluation and is the
gold standard for final diagnosis of neoplastic
lesions of the gastrointestinal tract, including their
grading and staging.

As in

intervention at an early stage of pre-neoplastic

any malignancy, detection and
development is extremely crucial for improving
therapeutic outcome and survival of patients.
However, the stark reality is that more often than
not, lesions that are detected endoscopically are
already at a more advanced stage. In the
surveillance of high-risk individuals predispose to
the development of adenocarcinoma, the detection
of dysplasia within the gastrointestinal mucosal
layer is a particularly critical threshold stage for
intervention to effectively forestall its malignant
progression. Unfortunately, inherent shortcom-
ings in conventional wide-field videoendoscopy
make it suboptimal for the detection of such early
mucosal changes; it also tends to miss more
lesions such as flat

subtle, minute or flat

adenomas. In fact, back to back or repeated
colonoscopy showed that up to 27% of adenomas
Although

videoendoscopes (850 000 pixel density) are a lot

could be so missed™, newer
more sensitive than their predecessors (100 000 to
300 000 pixel density), with the state-of-the-art
zoom-enabled magnifying high-resolution
endoscopes allowing distinction of mucosal details
such as pits and crypt openings, they generally
still lack the sensitivity required for detection of
visually inconspicuous pre-neoplastic or neoplastic

highly

mucosa such as in long-standing chronic ulcerative

development.  Moreover, transformed

colitis and in Barrett’s esophagus poses additional

discrimination of
6

hindrances in the visual
dysplasia, even for experienced endoscopists
Up to 45% of ulcerative colitis patients with high-
grade dysplasia are reportedly found to have

coincidental colorectal cancer that was not evident
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endoscopically on initial screening.

Nevertheless, the current clinical challenges
in endoscopy are not insurmountable though. For
one, the emerging confocal endomicroscopy, with
its superior optical capability coupled with the
ability to gather in-situ histopathologic information
during ongoing endoscopy, offers considerable
promise in fulfilling at least some of the currently
unmet needs. It is technically well poised to take
over those roles that conventional endoscopic
technology fails to support or cannot perform as
well. From the clinical perspective, a leading
which the

endomicroscopy is expected to offer substantial

specific application for confocal

benefit is in the selective endoscopic surveillance of
high-risk individuals and patients already presented
with dysplasia. For obvious reasons, another

almost  certain niche role for confocal

endomicroscopy is in the screening, detection and
surveillance of dysplastic developments in Barrett's
precursor for

esophagus-the most common

adenocarcinoma of the  oesophagus  and
oesophagogastric junction - and also in chronic
conventional

videoendoscopy has proved to be less sensitivel’).

ulcerative colitis where

Less specifically though, if cost does not
prohibits, it could provide more effective general
screening and diagnosis of gastrointestinal pre-
malignancies as it is more capable in detecting
subtle alterations to the mucosal surface that often
do not show up with white light videoendoscopy
and related techniques. In any case, the
endomicroscope will offer the opportunity to
thoroughly assess cellular morphology in-situ and
the ability “to acquire in real-time diagnostic
information otherwise only attainable through ex-
vivo histopathologic examination. Indeed, in more
definitive situation, it should help eliminate the
need for excisional biopsy altogether, but in
general, it is expected to provide better targeting
of site for biopsy sampling and improve diagnostic
yields.

Clinical Studies: Assessments of confocal

E-BEREABUABERAS

endomicroscopy in potential applications
As confocal endomicroscopy is a new

diagnostic modality that has been made
technologically viable only quite recently, clinical
experience on the use of the system is quite
limited. The feasibility of confocal endomicroscopy
in various potential applications in
gastroenterology has been assessed, albeit to a
limited extent, in a few pilot and prospective
clinical studies conducted in Europe, America and
Asia. Results obtained thus far have been quite
studies have reported

impressive. All these

attaining remarkably high-resolution
endomicroscopic images of the gastrointestinal
mucosa and subsurface area. The quality of the
optical cross-sections derived was comparable to
conventional  ex-vivo

those obtained from

histopathologic  staining  technique.  Distinct
morphologic characteristics of the gastrointestinal
epithelium like gastric and colonic crypts and pits,
and subsurface cellular and intercellular structures
such as gastric glands, epithelial cells and various
intercellular features were all readily apparent from
the images. Morphologic hallmarks of various

gastrointestinal pre-malignant and malignant
lesions were also characteristically distinguishable
from the normal structures.

In a preliminary assessment of the novel
technology, our team evaluated a prototype of the
instrument (EC3870; Pentax, Tokyo, Japan) on
gastric cancer patients with encouraging results™.

By correlation with standard ex-vivo
histopathology , we were able to establish specific
confocal endomicroscopic diagnostic features for
normal and diseased gastric mucosa. Using the
distinguishing confocal endomicroscopic features
for normal gastric mucosa (Figure 2), chronic
gastritis, intestinal metaplasia and cancer, we
were able to predict the presence of gastric cancer
from confocal endomicroscopic images with a
degree of accuracy that approached that of
histopathologic assessment of the same (accuracy

80%; sensitivity 84%; specificity 95%).
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Diagnoses of intestinal metaplasia and gastric
carcinoma could be made with reliable inter-
observer agreement. We demonstrated that with
confocal endomicroscopy, immediate in-vivo
diagnosis of gastric mucosal neoplasia and pre-

neoplasia is possible.

Figure 2 Regular arrangement of the gastric pits.

The technical reliability of the same
endomicroscopic system in gastric cancer diagnosis
had also been assessed by Kitabatake et al who
applied the same technique to gastroscopic
differentiation of various normal and diseased
gastric mucosa'®. They demonstrated that the
diagnostic  differentiation based on confocal
endomicroscopic images were as reliable as those
obtained from histopathologic examination of the
biopsies. The confocal endomicroscopic images
they took of the gastric fundic and pyloric mucosa
revealed distinctly features characteristic of normal
and of metaplastic condition; the presence of
cancer was evident from the

gastric clearly

characteristic disordered configuration of the
glands.

Using a different but fundamentally similar
prototype (Optiscan, Australia) Burg et al also
demonstrated the superior optical capability of the
confocal endomicroscope in the determination of
gastric cancer''. With morphologic examination
with histology as reference, they demonstrated

that the confocal endomicroscope could generate

images  with insightful details of tissue
morphology, including that of subcellular
structures. They reported capturing a clear

architecture of colonic crypts and distinctive shapes
of epithelial cells. The images also exhibited
morphologic details of the perieryptal connective
tissue, microvascularization of the stroma and

They thus deduced that the

could,

necrotic debris.

confocal endomicroscope apart from
assisting in better guidance to the optimal biopsy
site, aid in differentiating lesions more precisely.
The superior capability of this technology had
also been shown in the detection of colonic
dysplasia in a general screening population''.
Using the same prototype confocal endomicroscope
as employed by us™, Kiesslich et al successfully
diagnosed intraepithelial neoplasias and colon
cancer during ongoing colonoscopy; they managed
to identify neoplastic changes in colorectal mucosa
with remarkably high sensitivity (97. 4%) and
specificity (99.4%), achieving an overall accuracy
(99. 2%) comparable to that obtained in regular
colonscopy plus ex-vivo examination of biopsies.
The images they obtained revealed distinctly
cellular structures such as crypt arrangements and
goblet cells distribution, the examination of which
enabled a highly accurate prediction of subsequent
histopathologic diagnosis of colon neoplasias in
patients. They concluded that confocal laser
endomicroscopy is a highly sensitive tool for the
screening of flat and polypoid lesions in the colon.
Kiesslich et al further applied this technique to
the in vivo diagnosis of Barrett's epithelium and
patients with

associated neoplasias in

reflux disease with equally

remarkable resultst'?.

gastroesophageal
Endomicroscopy allowed
clear discrimination between different types of
epithelial cells and could detect cellular and
vascular changes in Barrett's epithelium at high
They

associated

resolution during ongoing endoscopy.

predicted Barrett's esophagus and
neoplasias with a sensitivity of 98.8%/91.7% and
a specificity of 94. 4%/99. 0%, respectively. The

accuracy in the detection of both gastric and



Barrett's epithelium, including Barrett’s associated
neoplastic changes was at 97.5%. The remarkable
results indicated that confocal endomicroscopy

helpful for

gastroesophageal reflux patients who are at high-

might be surveillance  of

risk of developing Barrett's esophagus that is
known to eventually progress to gastrointestinal

cancers.
Pitfalls, limitations and future directions

Although

breathtaking advances in the past many years it has

confocal microscopy has seen
been in use and its applications in the identification
of cellular and subcellular microstructures within
their natural environment have been extensively
exploited, techniques and protocols optimized and
employed in experimental studies are unfortunately
not readily adaptable to in-vivo clinical use in
human due to various constraints and safety
issues. For obvious reasons, pioneering prototypes
of the innovative confocal endomicroscopy such as
the ones used in pilot clinical studies reviewed
herein are expectedly quite basic when compared to
its better developed table-top counterparts and as
such, are relatively less versatile functionally.
Besides, being an entirely new system, its
application in individual situations is still subjected
to much needed trial and optimization of pertinent
parameters.

Certainly, for those used to the extensive
features of table-top confocal microscopy, one
feature going to be most missed is the option to
render images in three-dimensional volumetric
form. Three-dimensional images, though not
indispensable, are important for certain functions
like in the facilitating of easier differentiation of
small pendulous growth such as polyps from
complex mucosal folds; in cross sections, both
might appear as circumscribed lesions. Current
prototypes of the confocal endomicroscope are not
built to support true three-dimensional imaging.
Although theoretically, a three-dimensional and

volume reconstruction of the scanned area is

possible, the process of generating such images by
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stacking  contiguous two-dimensional optical
sections is cumbersome and difficult in the context
of the in-vivo working environment; the main
challenge being the maintenance of lateral stability
in vertical alignment while optically sectioning
through the tissue as all the sections generated
must be vertically aligned, failing which the
rendering of three-dimensional images may not
make sense. Unfortunately, for the existing
prototype endomicroscope, acquisition of virtual
reality images of the endoluminal view will still
have to rely on the parallel imaging of the
accompanying videoendoscopic system which is
limited in resolution.

The confocal endomicroscope is basically an
epifluorescence imaging system for which the
quality of the images generated will rely
substantially on the optimal use of contrast stains.
Unfortunately though, most of the high contrast
fluorescent agents available for research purposes
are not suitable for in-vivo use, leaving the choices
of wusable photosensitizers quite limited. In
particular, there is a paucity of non-toxic agents
that could enhance the visual characteristics of
both normal and abnormal tissue and delineate
lesions distinctly. Most clinical studies performed
application of

to-date have employed topical

acriflavine hydrochloride or the intravenous
administration of fluorescein sodium; both are
applicable, but there are limitations: acriflavine

hydrochloride

gastrointestinal

cannot penetrate beneath the

epithelium and is therefore
ineffective for subsurface imaging, on the other

hand,

adequately to allow clear imaging of morphologic

although  fluorescein  sodium  stains
boundaries and distinction of neoplastic tissue, it
fails to stain the nuclei of the epithelial cells.
Nuclei atypia is an important criterion for the
grading of neoplasia. Exploiting of its diagnostic
utility would thus have to await development of
more selective contrast media, especially one that
is highly selective for neoplastic tissue. In our
experience, what seems also critical to the image’s

clarity is the optimum cellular uptake of the
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fluorescent stain which is dependent on the
duration between administration of the contrast
agent and the acquisition of the images. Thus, an
immediate challenge to undertake would be the
optimizing of staining conditions of existing agents
to achieve absolute consistency in the quality of
Standard

scanning protocol for optimal resolution could then

endomicroscopic  images  acquired.
be developed in due course.
Technically however, pilot studies on the
utility of the endomicrosopic device in the detection
and diagnosis of gastrointestinal diseases did not
report encountering any major technical hurdle.
The only annoyance felt was minor interferences of
imaging by

upper  gastrointestinal  tract

cardiorespiratory movements, as reported by
Kitabatake et al, who suggested that further
refinement in the technology may be required to
resolve that. 9 In our own experience though,

fuzziness due to such confounding

image
background artifacts could be attenuated by the
stabilizing of the tip of the scope to the
gastrointestinal wall with a transparent cap. While
application skills can always be honed with more
practices, technical pitfalls such as this are best

A feasible

alternative soft option would be to incorporate a

rectified by refining the system.

suitable computing algorithm to characterize and
cancel noise from all background artifacts. This
should not only prove useful in surmounting
interferences such as these but also possibly
overcome potential interferences from endogenous
fluorophores as may be expected in certain
conditions such as in extensive inflammation.
What is even more challenging is the present
glaring lack of a set of well-defined diagnostic
criteria for the interpretation of confocal optical
images so derived. Current criteria for
distinguishing lesions are very limited and at best,
rudimentary; most being largely based on limited
confocal features identified and established by
individual investigating groups using ex-vivo
histopathologic criteria - the current gold standard

for the final diagnosis of gastrointestinal diseases -
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as cross-reference. Hence, it remains for
investigators to further define imaging features,
compare and achieve a common consensus to
standardize these criteria so as to facilitate better
interpretation of the images in future. Perhaps,
along with this, the system should also be
strengthened  with  the  incorporation  of
sophisticated image analysis software that is able
to make computerized histopathologic comparison
against standard disease criteria to further facilitate
endoscopic diagnoses; such diagnostic criteria
integration could enable instant extraction of the
most relevant information to facilitate in-vivo

diagnosis and expedite clinical decision making.
Conclusion

Although the potential clinical utilities of the
confocal endomicroscope is far from being fully
investigated and realized, clinical assessments thus
far indicate that the confocal endomicroscope, with
its superior optical capability to characterize
mucosal and subsurface tissue at the micro-
structural level, may significantly enhance the
ability to diagnose pre-malignant gastrointestinal
lesions well beyond that currently achievable by
wide-field white light videoendoscopy. Its ability
to deliver in real-time much of the diagnostic
information otherwise only attainable through ex-
vivo histopathologic examination offers a viable
alternative to excisional biopsy and the opportunity
for endoscopists to draw proper diagnostic and
therapeutic decisions during ongoing endoscopy.
Confocal endomicroscopy could also potentially
reduce the need for biopsies, lower the chances of
biopsy misses and improve sampling yields by
enabling better visual resolution and more precise
targeting of biopsy sites. With it, real-time virtual
endoscopic diagnosis is a realistic goal that, when
realized, will expedite diagnosis and therapeutic
intervention considerably and potentially improve
clinical outcomes. However, it must be noted that
evaluation of the system in large controlled,
randomized clinical trials to fully assess its efficacy

and safety is still awaited. Whether it will
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eventually be integrated into routine clinical

practices for the endoscopic screening, surveillance
and management of gastrointestinal disease will

depend on the conclusion derived from such

evaluation and on future refinement of the

technology.
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